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IOQ4 1• •a •beolt.tt• ••e•••lt7, • •1d•l7·••M OC~HUTflftO•t 
a •~""l pbeftae11oa, • nu1aano•• •• ah•lhr 4••rl._, •84 
•••it • k111•r. 
Por tu•• ,. ..... .,. po•••••lltf tb• • ..,.. ot h•••l•«• 11t• 
•n14 tMt qult• t.aoMJl•h ao4 •taJ Chlq• l.-po•a1b1• ttl'tboat 
aou.-4. It o•e M utllS.t•d to •04•.lN ·tblua• tbat ••1! o'!Ut•· 
•1•• Hll8ta tta.o•. aeuu• ot •lbntl•• ••4 • ••4S.u M 
tnn••1• tn. .. aoun4 baa •l•1• la•• ••p•rl•o•d• Wb.et.t aotia4• 
b•o•• uopl. .. •ot., uoeoatrort•bl•, or •n•c••••1• tb•F Mtt.Ollfl • 
'DUlMstO•. •• ••r•t• tNe&\19ltC1•• •ad •olUM• •re: p"4ioed., 
s••t .,a1a •• •11 •• ,ou.a.r r .. otlon• ocotu• 10 \ha b1*ae "41. 
lt th••• bff .. •••••lftt t•tb ., ... aui ... 
Wbll• •otlll4 pro4Ml1ou 1• ott.e• • prt.•PJ obJ••t1••• 1t 
••1 tl•• l• an ll~at.4 •••on4arr erteot. ott•o '4lo ecuaDCI• 
•¥-• paN ,_.. er o•bt.uttoa• or ·ti.., the7 *" 4••1Hble. 
Bo•••P, •• m•• ot 41tterentr vol••• •'N ~...S.apo•ed. on 
••ob oD•tt ba • waodom o"4•r1 lbitJ •r ~o_. 481•• tan4••1r• 
abl• an4 rtoM •t·oe reterr-4 • •• aotH. &oa4 •114 ••!.•• .,.. 
•omet1bat 11ao•1Hu• •l'boU&l'l 1Mu••i•l r•t•ftllo• va.•n re•P41ot 
to ••o•••1•• ol' n•ntd •-4• 1• •-117 ,.~ •01••• 
104.ae\rlal aol•• 1a becomioa an •••r.lao•••lq ,~ ... 
A• tb• .-o.r or •lMU-1••1 •Dd MOblt.,lo•l deYS.o•• MSltfJ 
ut1:i.1a.a ooot.1•"•• to e11•b• ,. n•l•• pNb1• t• aeu111 4•._ 
'1* •o tollow. !Hu.t41•• l'UlY• •Mlfh ~i.t proS"otiln lt•at• to 
4•oreeae whft oet"taltJ »01•• l•ffll ar• eaneed•4• B••14•• the 
4rop lu ;p.-odQ.Ot1oa:., uplo1••• wor1d.•r 1• ~b.• • ., .. •1 noelY• 
IQOOMl"t or ,...__.., laJt.tfT troat prolo•p4 •*PO••N• to 
••••••1•• nol••• (WG04btar7, P) 
Xo •4tlt1oii t.o th• lo•• ot aon•i tf'W 4u.-..•e4 pl'Oduotlon, 
1•J.aq ~ wor~•I'• N•tl.l•• lll lo•• t:.i.., • ltaPiber det"8•• ln 
prodt.tct1on. WorkHJl•• ••p41a•t.1oe 1• anotbett •xpea•• reault• 
1n1 tr• •cn"'k•r• b•1•1 ott lb• ao?.J .... to l11.1ttl"1•• luu:rr.W 
Wb1le WOJl'ltq. 
C•~'*1• • .,.... ot sol•• cumtrol rH•l•• •o,.• ••tetilcm 'baa 
oth•*'•• Geaortll.17 tb• p?"Od.ue•• •84 ••fflo•• ooma•ot.a t1No1'1J 
•ltll tb• :l'Nb11o coa•WMtt c•l• •n• •oa• 1"eoop1t1oa. ot•n in 
•••• •h•M r1u1 pito4.aot Ml• 11 aot 41~•••11 at.t••'•4 1••• 
•*'J>ba•1• 1• f1Yeb. I• sn•rial io 'be aouteot.i:rtq ot prod"o'• 
iib• pPOhle• of Jl)OJ.ae OOD~t'Ol Ml •• , NO•l.'fell httltt1ht aitq ... 
t1oa, 
AcO'\dtloal treatn:a• ot ••11• ••4 c•lli•ff• b•• ••1JM4 'b• 
at.tats.• la._. ool•J anae. Wbl• otleo l• upn•l•• it it 
l• ,....._•blJ •ltloln"I. ft04•n 00Datr1.1et1on .. tho41 ue4 to 
bo14 oon•\1'GOt1e 11oa\a d:owo •I not 14'04 •--•el••• \0 ••1• 
•ooDOltlo•l •ow.'14 ooa41•1oa111a. 
Po11"' qu1•• a-. t,lM lt •• b••n noopt.••4 *-t •tbra,lona 
an tratt••l.tte-4 th,.... ••-•lh• •'-r·a.•1• i• ,..,.,,._ depe••• 
.a, tMMPtt1DC •ohS.••• motor•• OP p1n·t• •t 'th •b•orben~ aot.m•tnc• 
nol•• J.n•l• baY• "- 101fe"4 •1tb 1-.000•11ua1 qoc•••· 
1t01aala.1 ot alffllln•• •"4 J*r-t:• ha• •lao Mt!D trl.e4 •. 
' 
I.n •tae •"8 ot oSrcnalari aaw bl.ad•• 111oat H•Mroll M• "8 
4or.• "' tn 4u•t1111 "7 1>1•4• 1•--•rr. ._, ha• b•• t.tiae •• 
b••n ru•o•blJ •••••••f•l.• O•ber •tbod• *• ba'f• -. u.H4 
an ••tttaiq coll•i'• au da.,.1111 r1nc•• 
D••••H "1a4 l• ••ot•o• o• • fiM••1tt1.aa llMl• ft.tob 
•••la-., lt l .• l"M•OMbl• to •1 ,.._, lt tb• •t• oou.14 M 
oon\rolld• th• .__. o•14. •J..•o M o01t1.t'Oll•4• till• be• lJMD 
«on.• M • l.•l"I'• •·•I'"• lf1 t>b aoll4• •ed to • l••••r a....-• wt tb 
•lr. la ih1• tb••l• ..._ a.a1'J)or •plo1• ••• l4• ot oon\rolll•a 
•lr •ht.ob ••rtoaed• • •• bld• tco bPHk q tu ••'04 ..,.,. •• 
be10.S fOnt•4 bJ ... tdad• 8D4 tbla» ..-tt.aot.•1 ~be Ml••• 
""" tat• ata.n_polot ot pMot1ea111r •ad. uHhl•••• •he 
•ppn••\• u•N. '• 4o tbl• had to tMrt eoonoa1••1 and Q_,.\lbl• 
•lib co.on u••• ot ••• 
WJ.'h •n t0Hgola1 1nt'ontatS.on: tu •1124, ••• •••bor 'bep• 
P•••td.•• "1• n••t.•• elw:t1ou., 
Ta• ••4 tot' 4019' tOMt:tliq abou.t oar •"'Pt.tac ._.4 
fl'Ol»l• •• b••• •.VN•••4 • antstlld• or tt.••• bJ an utold 
w•tt•r ot people. hnr ti•• 11 1• 1• •u ton or «t•pla1n'• 
a.a, or1\1o1••• ••4 •••t.l••• lo •M tont ot pl•••• It ott.w 
•••• u.1 ttl•H M• ••• -.ore eapna1101 or tb• •"4 tor • 
•olotiou true UMN 1-•• .... ,,_,,. tor •olu'tloe. nt• 
•1tb.•t" ..... tMt .,,.. l• 'tbl• am •• n.ot n•a publlo1•• o.r 
•u' ~ "aearob baa ••' 1•t b•• 4••• \Qa1o'bffet- 1• ch• oa••• 
111\le 01 ... 11 rel.atltl .. ,•~1•1 11 a'fttll••l• oa th• t.oplc ot 
ihl• tb••1•• Bo....... oe.--.ie taot• were tOtmf. diob t.14· 001:t .. 
•r-S.b••• to tll• •olu•s.oa. 
Al,bOU&ll nu aa• 1•~•4 tJ.o :u.•• l.n bl• •••l~' ot 
•Hadt 1, 1• •1d b7 Woodbaey (') Ille' - oe•er o-.l•t•i7 
••Ju.••• '° t.to.l••• tu tNr••lar ot • ,.,.., 1-1 put• "" 
preenM oo ~· bi-ala the• Ille ••o ••t. po••rt\ll 4:rug•• •rpbl•• 
ans ol•rosll'o•rt.••• no• tor- t•rea•tq: l>Nlu pJl'••••N• tiolu 
ou•• ett1c1eaor •84 bruc·• oa •1ff4 o•n••• •l"Pl•••M••• •n4 
poor 4.ia••tlon. It J.• 1PM1ll•t4t4 1)7 »bl•lel.u• tu' there 1• 
• 41reot Nltltloeablp •••••n uontol.ou.• •••>.• t"* •ol•• 
aJJd h•rt ta.••••• 1ane.r••ra•.l•• ·•• etl'l•r 4ecn•ret1 •• 41,_ 
ot"d•.-• aooo:r41•1' to ilato11tr (6). It l• ao• Mo•taa1"'1lr 1ou4 
rtot•• whloh 1• ••e;poo•1l'l1• ro~ •bi•• •••Nl.oCl•• o,.. B. 
J.aw•NM• S.S.t.b ••••X-t• ,._, • nol•• ln•l ot 60 4eol1Mlt 
td.od••• 411••'"1•· 
' 
Pi-ot••••f' IO'l1118D c. ... •• ot ·-UblY•J"•itJ of RJ.oblpo 
tlaa •d• '1lG fe>.11.0•iDfi OblJer"Ya~lO'at 
*la 00114aotll>S ••• ot our •••1 11.tcb ••1001•1 •oh1•l•c 
•xper1..,1f• la oar" l•boMtor-7, S.t wa• ouene4 that 11' 
-., 111•tanoet tb.e ·op•re•or• •KP•l"l•••• • dt.••i•••• 
ao4 1••• ot balhe• •h1ob a.a • ••rr tl•ttaJ1tbia1 •tt•o 
•1:14 ccml.4 po••1b1J .M•• 1•4 'Muser-do•• •oiitrlq oacti-''oe•~•l 
lt bet• l>••n ••tl.uted. tu• 001 .. oo•t• Uul•••· Stat•• 1a-
du•t17 tour bill.lo• 4ollaf'• • ,.er. (h\clltt, 6) 
!h• bwaao ear- 1• ••n•lltt.ve to • lllllt•4 l'aD&e ot treCl*i.,_ 
et••• ao to 20,000 0701•• per eeooat. le tht• _...,,. tu •r 
4.o•• ..,., U.r •11 ••1M• equ111• Po~ o•,.Plna 'll• »•roho. 
1011•1 •••••t.on ot \be ur, o,. per~•1•il4 ... a l•••l, •o 
d1tt•n•t ••ad•t>r••nre ln•l•, equl l*•••• OOQtof.lr• 
(111• JJ) oau IM talect tor ,.,.. •011•• wbt.l.• • J.•d••• tattl.• 
(Ge11•~• '• P• 19) o•• bo 1t••fl to~ ooapl•• ton••· lo th1• •1 
aOUJl4 •••ttP....,,a ·~· •4• HM ... al11gM. Otb•P aui.e1 baYe 
b••• •D4 an t>•iq <le'f•lope4 ·tto a.ta la •ol•• l»'f••tl1at1on aa4 
YaP.tou• aettioaa ba•• 'beea apJ.,01•• top re4uo1111 Hl••· 
Tb••• 1•c1ll4tt •ot.m4 •b•oll"pt).lcm •'84 1a•lll•t1oa. •1bN,1ou ca..,_ 
l•&h •'04 •1-lrlMtli•» l•o1•t.loa. lltoa ba• t•·• •nlt.•••1•••• 
.P. H. Oel1•r- (:)) ln b.l.a lMMJ& ldltcldllSAD ttluaj at.••• • 
t~orot.tfb 4eacrS.pt1on er tb•• te •• ••1-t.o-••4•r•••4 to,.. 
lpn••• Norwaa c •• Urll••raitr of Mlc!U.cart. An Arb••• 
tU.ob1a••· !:i•o'S.•• '° b.11h ••lool•J -.b.lnirt1 •.aiwr-tJ1e11'l•. 
Prt.vat• COllll'101••'t.n. 1'62. 
Two ot O•la•r•• p~1120.ipl•• •r• ll•et bJ 11alt•Hon t.S) a.a 
bl• eaperl•ntal •kd, 4•11"1 wl1ih not•• N41hl,l.W I.• al».-• 
.. .,.. H• u••d nrlou• aou••l•I• to 1aolal• •ll.n•\.la• •1ClDI 
MJ.tb •ou.oa •"•or1>1DS •t•r1•1• to llltlt •084 N41a\1oa ,,.._ 
lb• ••• ot ti. ••• ftl• •• ••• •ftut.tY• ••• \b• •• 
b1a4• •• ••low ibe Ubl.• 1•••1. lo•' ot ti. aolff t bolte¥er, 
caae r,,_ the ••• 'b1•4•• 
A. L. CU.two .. • (1) .• in Off ot ~ ,,,.,., I•• •rtS.ol•• • 
qde\.1a,. olHv.l•,. aaw bl.au•, Pol•'• °"' tllat "'•"" •n two 
•Jot' otnt•fl11Httcu•• M btp fff4d'•e7 ._d• of c-.rea1•1' •••• 
tbO•• M1ng •lt'4hl ••l•• ... HSonbt Ylbl"•tl.ooa. 
ftM: e1Nn u11e I• •••d ttr '"1• , .. ,., oe tn blat• o•'-
t101 tb'l'i!Wgb \h* al:r la •nb tM HM •I •• a alNO 0,... . .. 
tl01••• B1•4•• 111.\h t••P p11et• 01" lar1• ._,b •ff aoat 11••1¥ 
to p~• tb1• aouna. 111 aea•nl thl• Ii• • ••.1"1 ln•tttot.•• 
•oud •d eow.•4• ••r-e 111t• • .._,,. \balt • *1•'1•· 1• l• oon-
t1d•re4 tO tM ••" ot a J>•l•llo1oaio•l •taM7•c• tme • 1'a•r4 
to ltdrl•f• &1ra ••l•• l• ••t ••llJ tS.••t.•pl•ll-4 'bl 
11..•t•1lll t;o tu obaa1• ta tMctUBUJ •• 'h• MW._.. up lo 
•pe-4 •1•o• t• l• qui.'9 d•pt·Oll•a• O'O tb• , ..,ol.t1\lott• per 
a111.au ot tle ... b1*4•. 
a. .... c wlbNt.l•• r-en.1' f"9 ••••••1•• •S.tn••l• ot 
th• ~i• or tM lJl••• s.-. ·one ., "'" ••0..-1 :'"4•• •• • 4.&••·• 
Tb1• 001•• 1• pl"ff.ao-4 .neri ~- ltllat• 1• r\QID1q 141• •ltd •111 
1•-o•Mll1 11. •e var ff other Mt.•• tlfbe.» -. •• ta cnttt1q. 
B••ount YlltM"tl•• •ff -•ltt•• to •1'994 ••4 •111 h4• la 
' 
•• •• •• -. •• 11•• .... HM• -. . .. ..,... l• unaur 
U."8..a urlq Odthit .... TS.t;Mthll• ... • .. , ..... 11' .... 
at We tl•t .._. •• ~ U ' •1• ......... MOUi ·-· ._ ••ttba 
...... •11111-S . ... -.11 ..... J'I. ~· •••it- Malh " •..• .,-... .,. 
AM~t.q H ~ (1) it la Yl,..lU i ... 11-. so 
•""'•' ......................... ,.,, .. , ••• win ..... ·n. 
aOllOH'IMIUa 80HN •M ...... W~ld. Ill _..., lt fdU 
...... le !th«•• ... lo lf h••• bl. , , .... , ............. ,. 
teeD ... an •-1lr ...... at M\. C.rltt.4.• ~ l>i.4M 
an •lH ftlnNltJ.• •lUI-- tbf •f!tlft*t .. ,. 
Cd•..a ................ tnct• of .. , ,. ...... ,
"'44 ....... - ...... •• 1• ... le ''•· 1. .. 
I 
•J.ao to-4 tb• YJ.t.roat1011 414 oo' depend oa '1ae 'blM• t'll1on••• 
o,. ~M:r ot t•••11. !be•• t••••,.,• •laplf .rt1tt-4 tll• tn...-01 
wblob :.oged 'be~•"n $00 ••4 5,000 0701•• .-~ aeoon4. 
M•UlN• tilht.oh Cu4wor'11 •ua1••h te.- H4uo1q . .,. ao1•• •r• 
ltltt•1•1 ooll•P• ·- Tl'bM•l• 4bp1•1 -~l•l. ,.. 40 ... 
•oe-,\alll• ,ao'D a11tro1ua ••ll•~• eH4 •• •&Mlad '° ·u. ••• of 
\h• ••• ••• •..,.H17 NA•otr.11 tn Po••U•l• ••pth or o•'• 
VJ.bre\tou d•11pl•1 ooa•l•t• ot p1••&01 • vt.•ooe1••l1• uh .. 
•1•• l•J•• oo••Htl wttb M •lu1awe oca••.- t•ll o• •lldlar 
•ter.lal b0oilfli4, to 1*• bl.ad• la •• •na ..__.. ••• Ylb•,t.ou 
'*k•• p1•4•· T.be l•r•r ...... trio. .. 01 ,. .oa ,...... mote. 
ft.1• tl"'•'-••t lOWilr• tu •J•• tnq•••1 1•••1 tro• appns1 ... 
dlel7 10f to 89 4Ml'ltel•• 0.• \lllel,lft •ha\ •1 'be N1"4 11 
tiwt ot n1.Mr9bl111J •o •lmltt.n. B•" Ct.\4wr~ ••••• ., 
1,, ··~·•-• to l'I• cdt• reti•.._, to •"'*•••·• (OWSwonh. 1) 
la tlala ••1flel• ._.. •• •• lo•• •••MM• tdllo.h rttl•••• 
•••• ~u.n.o•lr '° Mai.• tb••l•. ...,..... -. bt•M••lu ot tb• 
•••ta wl th ~ •Ir oorMD•• ••' \lp 10 . ._ YI.et.at'' ot "1• bla4•• 
\b• exo1tat1a to:to• oaa •on•t.•,• 'ff N4uo.a ...,,.. ebaqlq ta• 
••tll•tt• .,.,,. p••••*•• (C-4wor'b1 11 P• 18) nl• •• ,,_. 
••11 ret•rno• to ao1•• :itd.act.S.oo 1'1 •1~t --•••• \lll• 1• eotr 
'10 .. , otbt,f'I 4on*\ ed.at. 
ta •-r1•1.,. 1$ o•• '>• •t.• tUil • tet1•1•• _., !"• -'• 
•••c .... t Sit 8018:& l"HOCi1• Ma M• ••tflbl.l**l. B•-rok l• 
belng c•rr1•4 ou.• l• aian, •r.ea•, l:Mlt afl.o• ,....,.. 'o .,.. don•. 
Suoll l• tbt o••• wiu. e1roatlar •• bl-4.••· 
h• P•l.UPJ ob,•c•t•• •"t Ual• 1.-.. 1ttP'l• •• '° 41aoo••r 
the MtbM Oi- .. ,bO«Sa bJ "4l10b ._. all4lbl.e .. , .. 1•••1 ,ot • 
tvros.aa ct.redu •• b1a4• oouJA O. •:tplftoen•lJ iewrect 117 
••ln, oootro11-.1 •1,. ••nn•• z• •• •l•o 4••1"4 ._., t.bl• 
oo.14 'H Aoa• 1t7 •••o• at.ob ,.._.. pMc-tl•l AQ:t4 cu•pa•lbl.• wt. tb 
aoraal •• oPeNtln. Along tll• llM ot P'ft'lto•ll'J it. •• 
4••lnbl• 'to baY• a •tbo« ot nt•• Ntl•ota.oa -. ..._10•1 •• 
t••lbl• to-,. u•• ln tat• •••ra1• l.M:IM•*"i.i. aobool. or- b.,.. 
ffl'lrAop. 
C•PMtu 11•1'911•• •b-14 •·l•o tM -not•• ''"'' J.t IJlotlld. 
M aoowa thll• 14•11' """ atdl.. •U.S.4 w oaJtrl•« •• 1\t 
apeolallJ" p_,."4 ....i-c0Jtdtt10ff4 l•bon'°"''••· u ••1 
p• ... •'I•• elon1 i'ld.a lln• •• •••loa1i, poaalbl• were 
tall'• le ttll• •"47· XI Gottl.4 U•o ~ .... • .. , , ... l••'na-
••t• ••94 8110t.ll.4 l>• 1peohll.J 4ea1,..a. foi- •be \ft* ot ..n1-. 
b•1•• ....... ••• l• lbl• ..... , • ..... ••l7•t' -· ftl'lltl.• 
tll••• tort a ._.4 ••l11•r• 
A• tl•l llntet.lODlt 0111J • 11•1•.S n.-.r- •t bltt4e 
•S.•••• tnea, ••4 t••th cnttpn•l•• •• •1.l •• • lllli'N 
tsu.atber ot ·•J.r ooo\nl ••tho4• "" ••• to *•., ta. •'1l41 •i.tn-
t.a b0t.Ua4•. Il •• re•.11"4 lbett tb• l•••••ipllo• 414 •• 
b•li• to •1baut ,,_ po••lbilt.•J.•• .ot .,ol•• .ret..aottn ot 
olrolllar •• bl.ad•• bJ "ltl• M$'ho4. 
10 
Tb• IHIOl•u• ot tb1• 1••••'lP~• bat it• orlfl• 1• • 
raor. ft• "11Ml" •• "*' ...-.n -•• u4 ••• •il" 1• 
••• ••••• to "4aoe tu ••••• 1ff•1 ot • 01""18• •w '° 
MtlatJ d.-d• N Ao H ttr I'll• •lte. 
A• • p11ot •tWl.r to 4•t•M1H lit Dffe •• •81 .--1 -.a11 
to, ... 14•.• • •rwl• ntt •• oan1*4 oa.t •. Hl"1 p11•••r-•• low 
••l•• •S.r' •84 low P•••N• Mill ••1- al.- wn 4.1Ne\t4 • 
• •• 'bl.He llOUt.O oa • N41.•1 •N ••• Ooe elpltleaet; 
ottun••s.on •• •4•. Wbee • -. .. c ..... ,.,_ to ,.,. 11ov1a1 
•J.4• ot •• ont.•'7 •1'oP ·no.- 01.ao.i- • ·• ''"°"' •• v. 
on••" ot • 1>1•4• .-ts,.-.1.·ec • ~· tM••••1 a<Mrl4, la. a...a 
•• ao':t.•••lr H<luM. 
A '"°~ "*Nb ot JKll>lll1Ml4 M\•'1'1•1 •d ....... 
l•t••r• "'* •• IJlH• •Bt•otta.,.. •et 11tt1• llsbt oa, •• 
pHbl•.• lletw••••• •n•• •--•l•I •applle4 11 dl.tt•.-..i 
\,,ea a1ll 11••• ot blM•• (P18• I) alt4 a ....._.lt b•rM po•JJ" 
ao1;or tor Ill• pro3••• .,_ ..raotu.Nr>, ••• •1••• Ml4 
oo4e lSUllHP •H tCRl114 lit 'll• a,,.a4,h;• 
it •• 4•olit..S. •"*lb •rt.ti•s• bl •a•ra.rttt.•• a ... 4 
''*' • t••• •'*-' 9"-14 M 4 .. lpd Qd bUilt la or4•1l' to 
aoatrol. ..,.. ••Pi•'bl•• u.n wou.14 N po•tl'bl• e>a • Mbl• or 
rtaillal •N ,uw. ft9' 4NWlq of t}W t••• •'-a4 1• ...... ta 
r11. "'• ._,., '"°""''•• "" ••n •• "4a•• •l•••1on •w4 
not.•• s.a Ill• t••• •'-*' • ft••• lnelHM.t Ml.1 ... b9••l•• •tor 
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Plg,. 6. ftote ot •••• 1'91'4 •l_. '1•4•• aoa••lt n4 
al:r ••b• ta pl.Ao• 
16 
1? 
•• aenr.tn1. apm:t r1-..111a•• l••alatd bO"l•lap fol' tu .otott 
•1'4 aaa4re1, beU'lq• pa4t.e4 •1tll hM•1 '"'1••1 •-4 nb'ber 
b1.tah1ng• ti•t••n •11 HllOY•ble p.9n1 not 111 a powei- tre1a. 
fo•t1.rou~ ••.PIU•\• Nbber aoa•s.ae• •r• 'sa.•84 tor '-ht•• 
A ~lal a1-. eO\lrGfl o.- 'blod_. tu\ W0"14 b• 4.U•t •»4 
,. ... o.nabl7 •ttt.ol•at. •• ••-4•4• .'<\ 01l._'1tlN llON.,o•,.• 1725 
rpa motor •• ••leot•4• A ••va ,lilob aqt,d.n.1 0•1• t•• •....S 
to be iho _,., ••117 UqUH~ th ••tJiq ._ N4V.l ..... ta. A 
hoUA1J>& wblch 1te\ll.t no• atllll.J Ml-trios tbe •S.• 1•• ..ia o-. 
tt:n• '-' •n4 diHOt: 1\ ~wp • '"" •• tl.••1pe4 •alt •oa-
••~ot.•4• (!'if• 4) Tb• ••l•• Mt.• ot tiov •• ab4W\ 150 
CUlb10 t••• per.,..... It 1• 11k•ll tbat ,., ... •1• •oeoe• 
oOflld 1M aoqta1r•4J howffer, 'bl• .1•'-Up WOftN oat. neaonablJ 
••11. 
TU aeat p.-O'b1• •• 4••1Plec th• lKJtal••• ff•H there 
•• 1t0tblq 0012ont• oa whJ.ch to••• \h• 4••lP•• a..••• •tw 
b••• N•Qlt 1.u the pllot •t.wil' oaM t'l'Olt air batua diM0'-4 •t 
tho cea..,. ot tu ttla4e, '' •• ••t•nd t•t • be•t.• • ..,.... 
4J1dltl1UllJ d.e•1pf4 bell••bap-4 HUl.• (rtg. ?) lf0Ul4 M 9°" 
ett1c1eat. Atter bou•• ot d••J.ptJJ1, •kllll .1'014•• and, coe-
•tno'lllfi tlt>er~JA•• OOJIPODfmt par••• tu •«4lt1oa tio the ooat ot 
•••ri•l.• 1\ •• later toad tbe• tlte aoaal• 4••1P 414 aot 
produce tb.tt 4••1re4 "•'11t• or e'teJ) o-. c1o••· 
A ••ooo4 •o••l•t ..,..b •iapl•P than t.b.'t tin\; •• 4••18"4 
·-o<m•tncted. <•11. 8) l' •••1•tff or •• u171to p1••t1o 
•o•er'1DS: ..olo•1JJI .,._llalt ot tu blade. •· t~ laoh 1• 
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Fig. 7. Scale drawing with cross section view of nozzle "D" 
diameter connector tube for the air was mounted in one side. 
This proved to be a better nozzle. 
Later a second nozzle, "Ct•, was cut down to the size shown 
by the broken line in Fig. 8. Preliminary tests obviously 
showed this was not practical and further tests were suspended .• 
Another point that needs to be included here is the test 
area. As was mentioned earlier, sound. experiments ideal,ly are 
carried out in controlled. surroundings. These not being avail-
able forced selection of the next best available space. This 
was a section of the second floor of the author's residence. 
The shape and dimensions are shown in Fig. 10. A 9' x 12' 
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Fig. 10. Scale drawing of test area 
wool carpet, shown by the broken lines on the floor plan, 
'covering the oak floor cut down on reverberation. The walls 
were covered with sound-absorbing ?Jaterial of orlon, d.acron, 
and cotton fabric also to reduce reverberation. The ceiling 
consisted of a paper-covered. fiberboard. nailed to the rafters. 
The only obstruction was a six inch vertical vent pipe in one 
corner. 
Zl 
TM te1i la•trwMttia w•n 'lMIS. Tbe .flrt• •• a Dft•Nl 
b4i.e fi:-..a1 '11• lJ.Sl-A aot.t1Ml-1n•1 ••••r. A 0 ...... 1 :a.41• 
c .. ,..., ,,,. 7'6-A ••• •••l1••r •• the o•t.D. tr11. )) 
Th••• l•••....,•• were '*••« topth•r. 'hi• ...,._l..,•1 .. -.. 
•upplld u. atonpllOIJ• ••4 attawato.- tfbll• llib• ••• ... 1, .. .-
.. ,. 1• pOt•lbl• to 41IOOY•P , ... ~·•07 .......... ot .... 
1101••· 
11 lh.-14 " ••t•4 ,., ttt• •••• •••11••,. 1• "' 10 a11 
l'••PM•I the "b•lt- laat,..qt t.o be '1M4 b•N• All OOM're•baH 
aouu ••l.Jn• or • •-.md ••• •t.l>Nt1cm ••J.r••r \Mt- ba• • 
ooa•••• ,_ ... -.. tllt•• wo'114 ••• 'b• -17•1• auon •••• 
coavul•t. Ila•• tits U.ttut_. S.w•trdtmt •• aoti •••ll•bl•, • 
••• au.111•r ••fflo·•• leoo"4tns; •t uu •l•b \bl.• 1natra•t 
·•• '*'1•• •114 o..i• -. • oeatrllKlkn.• M •no,.,, Hewn•s-• th• 
•••• •UlJ••P M4• lt po••l'bl• to •••1•• a,_lfl.o t,....,._ol.•• 
r•tb•• lbu 'tut ••JtO•l•• ot • nob •roader 1-114 reooMecl bJ • 
ocia••·•• ••l7aer. 
Th• l••• pl.eo• ot •ppaM~'I• \lh4 •• • ablpl• ....... ,. '° 
...... the atttenoo• 1• •lr ,,.. ••• ~. ba.t.4• .... O\l\114• ... . 
au- tuM. 11 tta1a1 l•moulll 1 • tbeol'• equts.on, 
'1 + i •f • i>a + t '~ • 
lt •• poa1lbl• •• t1114 \be ••loci.tr ot \be •lr. Wbcm th• 
cn-o•••hc•10M1 a.-. ot tb• tub• •• round, the -.out ot •tr 
la out.lo t••• ,-r 111nut.e •• oOt.1pQ.te4. 
Vb.a •11 the equpQDI •• pi-opet'l7 ••' 11.P· ••4 111 open. 
i1n, 4Hll••l Had.las• were •k•• •• fM<1-..l•• Wbl.oh 
r.gl•'•"4 • -b• .tU.•l ot th• .. ,,. •a•l1•••• Tb••• natll•&• 
•t th• ftPlOU• r ....... , ...... NOOl'"4•4 - •-1-log gNph 
pap•r. BM41ag• _.,.. taten •• •oh ot \be o_,.. .. ,. ot tll• 
•oi1Pl•t• teat •Und •• tal"M4 •• flw•• 1ao1u4e4 •lllat 
ao1••J bloweri •to•t ,moior •'Dd -.dnlt *1\0~, -.d .. 1, u4 
tala4•J ao•or., mud.Hl, lJlue, •'84 noa•l• ln pl.Me 'bQ\ •1• ort1 
••4 utor, •ndrel, 'bl•4•, ••4 •o•sl• w.1tt.l •lr oa. 
ia OY9:r-till Mtl114•1••tl ,._4\Qg ... .... 41M0'1J tn. 
tbtl IOWld-1n•l •"t•l'• Tuae ~ ftlf N1ai1, .......... ,,, 
ao\ •))Nlt.l\•• alao• the aound•l•T•l •••fl •• aot oallbratft 
betoM lt •• ua-4._ TIM '.Na•o1' tor 'lit.• •• , • ._ \b• os-ria•l•I 
•in•l tor tbi• 1n•t~t •• let•' l>•loM '111• •'wlf ••· 
ttegq. 'ftd.1 4oe• aot 4.la,nci 1.-t11 t':Hll --. ••1u or 'th• 
••v•r.. O•tpr ••te• tbllt• •st••• th• .... __..1ne1 ••t•i-
can b• ••-' tor •ll "*'• 111 • ••rl••• tb• •ts•o1"•• oaltbNtloa 
4o•• not •••4 "o lt• no•~· (O•l1•r, ), .P• 141) 
Aft.it th• ••• ,. ··" •d• •a• &Nphl "" •da11*\ toP 
laooa•l•t.-nol••• '1'11 .. • ••••• wei-• ta• nNa h ••rlfJ '"* 
f la4lag• or oo!"ffot the ffr'O'I'•• f'h• •o•t •1p1rtout- Cftph• 
..... ••1•t.•4 llDd 1D01tl4A4 l• Ch• "•' ... ,s. •• 
lt wea ·1'•11Sed that l ti 1• ft00•-494 U.t "84181• be 
takft in •M•nl 41tt•"1)t po•l t1n•• .OQ• to -. tlH am 
••p••• S.n•o1T•4 • t••t •• •4• to t1"4 •• ._., i.-•1• to 
11ve a «cod n•J191• ot •111 po•ltlcm•. !hi• ,cM1t1n we on 
tlul .... l«rrel. al t.be M•a ot the t.eati •'8114 and 1» a Mla•lY• 
po•ltJ.oa to ih• , •• , •'9•4 •• tl'&Olfa. 1• .r11. 10. 
!htt oa11 pr.otl•l •1 et noordtq 'll• 1a-. of U.. l•••.._ 
tJ.g•tlo& •• to plo\ Oba • pQb•., '?tut•• fNpha lbow •1'• 
••1••1•• _...,., :t•v•l ot iu o•••• tNct\t41'D41•• or tu 
••Ptou• ••l••• belQ' ••••ne4. Moat. ot tb• MY• Mn 1aol\l40 
•• tut tll• Aa4•r •• ••ur "'8 am 4"• 111a o• ooaola•S.oa• 
i.t he 80 <t.e•lNI• 
111. ll cl••• •n MM ot i>b• •••nc• M1t1•• or '9cJcgnu*'4 
not•• Wbloh •• pr••-' •b.•o tb• t••t• ""* "l•« o-4ao~tttl. 
the "'' pl"Olll••' tNt11.•01 •• 30 opa. TU• t~.-.aor 
4pp•"4 thMqU.• tbe •••41• 
'1••· lit 1,, .... 14 ••• .. fMf(U.801 U4 •OIQt4.1 .. •1 
t.aoi-ea••• ~- ihe ••rlo\ia "'*''* ot IM t.e1\ ••• o•'•t.••.c 
betoN .• bl-4• •• t••t•cl• TU•• f.ff...-•l•• •-• •••117 be 
t.4 .. •11'194 - 1••·-- ....... 
wtle \Ile t1.:r1$ bl.He •• t••"41 WI• ctune •¥• t.n 111. 
1.S M•ul••'• 11 •• a •• laoh oH••••\ lltl.d• n•b 90 Npl•rlr 
.,., ... ~·•'*· Th• ,or•l• ••-•• 3,000 opa ••4 J.eoo •P• •• 
I•• to ... ..,.., •t.ln••l••• ot •u bl•••· It •• • ••Pf p1•ro-
1q: ••4 upl••a' •'-•••· tbt.• ui•, •• •ltll •11. bla.4•• 
e'Jblbt•S.DI t.bla N._.11t OMNOkt-l•tto, lt•P• '1lree to ... 
aM-4• aft•'P tb• l>la4e bat f'UObd f"11 flpM4. ft• OTe'r'••11 
•OQd•l••l r.1a.a about •l• 4M1b•l• t,... 1Mton '11• ,,. .... , 
YlbM•lon nol•• 1>e1•• to alt•• t• bftr•• 
For Ute re•\tll• eon 1• PlJ• 16, •••le •a• •• ,., to 
p1•o•, 'tAl' 'tn• •lr •• •o• tu~ o • ftd.• •• to aew •b.• 
•ltMt of the aos11e oo•erl•I .tu•t ...,_ball of th• b1a4•• th• 
Mer-a11 •oim4..1•••1 lt"Oppe<l ••iJ two 4•ol1M1• •k1ob •• eo\ 
aot1•Ub1• •o th• M?". The ...... 11 41tt•HOO• ., .... 1l••· 
1J .... 16, ..... be .... -· ., to•,,..,. 
,,,. 1? •h••• th• ettMt •t tM ..... 1» 4•0PN•1n1 ... 
blab treqa•o1 ••1••· Tb• oY•r-•11 ...... ln•l 4l"opp.d ala 
teo1b•1• .,b.1oh l• al)OW;t • 28 per oat ffdutt• ot •b• 10tl4ae•• 
wheo OOtapt1te4 b7 Illa AIMJ!'lUD &'9.Ul'4• AaQ01atlOO 10tl41aeaa 
aa1t Mbl• ton4 a.a '• a. O•ls•r•• lM>eir, .llifkilAIGliM 
llDM•• (Gelge..-. ), P• lf) fte )11111 IH4Jlft41 droppe4 •boat 
J2 d.eolbel• wiucb 1• •Cl'UYlll•a• •o •bO•t • 95 per aeat "4•• 
t1w 1• tb• loa4n••• or •• 'u •r bHP• lt. Ob'flou•l7 ttb.l• 
•• • 1er-r no•S.o•l>l• utt•...,o•. 
WU. tbe •1• tal:Mt •• plaoa oe -. ••tlott •14• et ua. 
blower, ta. Ot&M'• ••• 1• Fla• 18 •• ob••n94. th• •••,....11 
•ouoct-1nel 4rop •• '"° 4•o11"1•. '1111• oMqe 001114 1t0t 
••llJ 1" 4etseoi•4 litr '11• •r. ft• othff 'bla4•• ••n •••W 
1• t;ht.a •7 w1'b 111\.tl• or no obnp ob•••"-'• ~•re·tore '1'1en 
arapll• wer• ut 1-lulled l• tllS• 'bt•l•. 
rs.a. 19 ••4 711. ao Hpt-•••• ta• ••"•• to• 1'1•4• .. ",. 
two wh1ob wa• a ten twoh ~1p blad.• wltb )6 .. .-17 ap410-4 te.etb. 
'lb• l>l•4• .-4 no r.117 bl.all. t~tMS.••· 'IM •1441• nqe 
f'r1Ht••:aol•• 4ro,P94 th 4•o1he1• la ... •• .. •• lM.lt '"• o••~ 
•11 aoun4-1M'ol 4.toppe4 •boat •• 4ee11'•1• Till• •• tlwt 
, ..... 1 ,..,.... --~· ,.. .,_, lt • hip f""8ft01 .. 1 .. 
IS 
troll \\be b1a4• ... _,, obYlO\l• to Ml• .. ,.. 
A t*ll 1ncth OOll~l--•loe b184• wlth 44 ••if01J .-pac-4 \••'h 
P'Y• tll• oun•• 1• Pter. 21 ••4 ftg. 22. tu ••••• beton •"4 
•tt•J!' •• at.rs •• tam•d • •• aot •.c•••rllJ la tb.• ,..,_ 
••1'4 41Mo•tu. A• o•• tM •••• ,_, w1t4.1• "•P tM•••S.•• 
l•onaff<l. lo 41tl•rao• •• ff••"*' bJ •b• •r. ft• Mab 
tn'IQ••o1•• ..... QOI ut1c•bl• 'Mt•~• 0:1" •t••r \h• •lr •• 
t•·raM •• 
Blad• DUHi!' fO.UJf -· o•llM • •oY•1tJ •• , .... ,ion b1•4• 
b7 th•· •nut•••v•• •• •• •l•o .,... .ln•u• ln 41 ... t;•r• x-. 
U4 11 4Mp 1"1l•t• •epVattq ... '° .,....... TM oun•• ..... 
al•• b Ptg. I) •'14 'ls• 24. Tl1• no••le •l•• l•••recl -· 
o•eri-a11 1omaci-1ne1 ••4lag two 4•ltMtla. tM •lr low.-« li\ 
o:o• taoro 4nlbel. fte M'OJ blgll tr•••••1 ,_.. •••• •o•1c•bl•a 
au4 h• •11" lonr_. ill•l...- 1ou4•••• •1*1fl 31 ,._. "°'•· 
.8.la4e 1tW1i.er t1Ye •• a , .. lRb llOllott f'Pomt4 bl.114• 
u•iq rao "'• It •• 4tll•••• 1dMta ••• ot t•• o'b•• bla4•• 
••• 41*P1•7e4 eo ao•io·•l'll• r•...,.., •t.bN•loo. ho•.a• ot 
tbt.• •d. ta• teo1 U.6 tll• •1iw U4 lttc1• •ttw' a 11, • 
6r9fh 'or '' •• aot t.H1'14•4 hen. 
~ •l•lh bl.de •• ••ot.lMH• '- t.aoll rlp bl••• tbl• •• 
ba'11l8 JI •••ftlJ •••4 '"'h• P11• IJ all4 P11g. 26 •haw 
•t.t•o'• ot •• •lr- on tu b1a4•• TM "•r.•11 •••4.ln•l 
•• low~-1 ala 4•ol1t•l• wbl•h 1• • 1••••·• "411011• ot •OO.'t 
,, ,.,. ... ,. 'he •J•l!" klfh , ..... , 1ou.4M•• -· l••H4 
•bMat '' -~ o•at. 
Pli• 27 and 11a. 28 rept-•••• •h• :r•hlt• tor tM •••o\b 
1'11•4•1 • '-• 1'CCh o•tJ1•tt.on bl•4• wttb 18 ••tiw1 ot ••tt. 
..,.,. • .,., bf 4•ep i\ll.1•'-• Th• o••lN-813. H<hactln •• u1r •• 
4Mt.1M1 al.th.Hg• .,..1r1e trtHlll4ht01•• ••r• 4•orea"4 .. ,.... ft• 
l.o•4•••• •• re4aee4 aboGt ~ ;per out la tH an-• t.,._eoo1••· 
11•4• ••b4tr •taht •• •ootMr •• l••b aio11ow 1l"OIUl4 
bl.ate, •114 lt• papb •• •1-'•4 tor th• •• ,... •• •• b1*4• 
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